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(54) Digital method and apparatus for reducing EMI emissions in digitally-clocked systems 



(57) A clock reference frequency signal (20) is dig- 
itally derived from a base signal (1 3), then digitally mod- 
ulated to achieve a modulating reference signal (16). 
The modulation occurs by ramping the clock reference 
frequency signal up and down about a desired frequen- 
cy. The modulation occurs in periodic fashion at a pre- 
scribed modulation frequency. Such modulation 



spreads the electromagnetic energy of the system sig- 
nals (16, 18) over a band that is a portion of the desired 
clock frequency. As a result, energy in harmonics of the 
respective system signals also are spread. When the 
energy spreading of any system signal or harmonic of 
such signal occurs over a bandwidth greater than the 
120 kHz bandwidth of conventional communication re- 
ceivers, adverse EMI emissions are reduced. 
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Description 

CROSS REFERENCE TO RELATED APPLICATIONS 

This invention is related to U.S. Patent Application 

serial No. filed on the same day 

(Attorney docket no. 10951066-1) for Division Of Input 
Frequency To Digitally Derive Arbitrary Output Frequen- 
cy. The content of that application is incorporated herein 
by reference and made a part hereof. 

BACKGROUND OF THE INVENTION 

This invention relates generally to methods and ap- 
paratus for reducing electromagnetic interferences 
('EMI') emissions in a digital system, and more particu- 
larly for reducing EMI emissions in a computer or other 
digitally-clocked system. 

Electromagnetic interference is electromagnetic 
energy emitted from electronic devices which, either di- 
rectly or indirectly, contributes to a degradation in per- 
formance of an electronic receiver or other electronic 
system. Poorly shielded electronic devices, for exam- 
ple, degrade radio and television signals resulting in au- 
dible or visible static at receivers picking up such sig- 
nals. Governments typically regulate EMI emissions to 
enhance public use of the radio wave and other electro- 
magnetic wave spectrums. In the United States, for ex- 
ample, the RC.C. requires testing of devices and rates 
the devices by class according to their emissions. The 
United States RC.C. Agency rates EMI emissions over 
a 120 kilohertz bandwidth. The 120 kHz bandwidth cor- 
responds to the typical bandwidth of a conventional 
communication receiver such as an FM receiver. Re- 
duced EMI emissions within such bandwidth reduce the 
interference output perceived by a listener or viewer as, 
for example, static, white noise, or "ghosts." 

Typical precautions taken by electronic manufactur- 
ers are to provide shielding of electronic devices to min- 
imize EMI emissions. Computer manufacturers, for ex- 
ample, typically use shielded cables and shielded hous- 
ings to minimize EMI emissions. This invention is direct- 
ed toward a digital method and apparatus for spreading 
electromagnetic interference over a wide bandwidth so 
as to reduce the energy level within the 120 kHz band- 
width of commercial receivers. 

SUMMARY OF THE INVENTION 

According to the invention, EMI emissions in a dig- 
itally-clocked system are reduced by digitally modulat- 
ing a reference signal. The modulating reference signal 
subsequently is used to derive one or more clock sig- 
nals. Modulating the reference signal varies the refer- 
ence signal and signals derived therefrom by a given 
percentage. For a reference signal modulated to vary 
between +/- 1% of a desired reference frequency, for 
example, each clock signal derived therefrom also is 



varied by +/- 1 %. The +/- 1 % variation differs for differing 
embodiments according to a clock signal's accuracy, jit- 
ter and rated frequency specifications for the specific 
embodiment. By varying the reference signal by the ex- 

5 emplary+M%, the EMI emissions for the reference sig- 
nal or any signal derived therefrom is spread over a cor- 
responding +/- 1% frequency band. In addition EMI 
emissions at harmonics of such derived signals also are 
spread over a +/- 1% frequency band. Thus a 100 MHz 

10 derived signal is spread over +/- 1% - 2 MHz, (i.e., 
99-101 MHz), while a harmonic of such signal at 200 
MHZ is spread over +/- 1 % = 4 MHz, (i.e., 198-202 Mhz). 

Any signal orsignal harmonic frequency band span- 
ning more than 120 kHz spreads the EM! emission for 

15 the corresponding signal or harmonic beyond the 120 
kHz band commonly used in commercial communica- 
tion receivers. Accordingly, the effect of EMI emissions 
on commercial communication receivers is reduced. 
Such bandwidth also corresponds to the bandwidth 

20 used for rating EMI emissions of electronic devices in 
the United States. Thus, measured EMI emissions also 
are reduced for such signals. 

According to one aspect of the invention, a clock 
reference signal is digitally modulated by digitally ram- 

2S ping the signal's frequency up and down about a desired 
reference frequency. The modulation occurs in periodic 
fashion at a prescribed modulation frequency. Such 
modulation spreads the electromagnetic energy of the 
reference signal over a band that is a small percentage 

30 of the desired reference frequency. Similarly, the elec- 
tromagnetic energy for harmonics of such reference sig- 
nal and signals derived from such reference .signal is 
spread over a corresponding band (i.e., same percent- 
age as for reference signal). 

35 According to another aspect of the invention the en- 
ergy spreading occurs for either a signal or a signal har- 
monic over a bandwidth greater than the 1 20 kHz band- 
width of interest for EMI measurement purposes. 
Spreading the energy uniformly over 240 kHz, for ex- 

40 ample, reduces EMI's impact and the measured EMI by 
a factor of two. Note that even a spread of less than 1 20 
kHz about a given signal's frequency may result in a 
spreading of 1 20 kHz or more at harmonics of such giv- 
en signal. Accordingly, overall EMI is reduced even if 

-*5 the frequency band for spreading energy of a given sig- 
nal is less than 120 kHz. Specifically, overall EMI is re- 
duced in such instance for significant harmonics having 
energy spread over a bandwidth greater than 1 20 kHz. 
According to another aspect of the invention the ref- 

50 erence signal to be modulated is derived from a base 
signal. The to-be modulated (i.e.., desired) reference 
signal is digitally derived from the base signal by a partial 
fractional expansion of the base signal's frequency. 
Such partial fractional expansion enables generation of 

55 any arbitrary reference signal frequency. The desired 
reference signal is derived by taking the closest corre- 
sponding transition of the base signal as the desired ref- 
erence signal transition. In effect, the output clock signal 
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frequency is dithered. Over the long term, an average 
desired reference frequency is achieved which need not 
be evenly divided into the base signal's frequency. 

According to one embodiment, the partial fractional 
expansion is implemented as a chain of dividers. Each 
divider includes a divide-by term. Each divide-by term 
is a term of the fractional expansion. To derive the terms, 
the base signal frequency is divided by the desired ref- 
erence frequency. The integer part of such division is 
the first divider's term, (i.e., the first term). The term for 
the succeeding divider is derived by inverting the re- 
mainder from the first division, and assigning the integer 
portion as the divide-by term, (i.e., the second term). 
The remainder of such second division then is inverted 
with the integer portion taken as the third term. The ex- 
pansion continues out for as many stages of dividers as 
desired for a given accuracy. For example, to derive a 
14.31818 MHz desired reference signal from a 40 MHz 
base signal, the partial fractional expansion yields a first 
term equal to 2, a second term equal to 1 and a third 
term equal to 3. Such terms are assigned to a chain of 
dividers which receives the 40 MHz base signal. The 
result is an average reference signal frequency of 
14.31818 MHz at the output of the first divider. 

According to a preferred embodiment of the inven- 
tion, a personal computer clock reference signal (e.g., 
the desired reference frequency signal) is ramped up by 
approximately 1% faster than a desired frequency and 
ramped down to approximately 1 % slower than the de- 
sired frequency at a prescribed modulation frequency. 
Consider the embodiment in which a clock reference 
signal has a desired frequency of 14.318 MHz. By mod- 
ulating such frequency by +/- 1%, the reference signal 
varies between 14.175000 MHz and 14.46136 MHz. 
This represents a frequency band spanning 286.4 kHz. 
Thus, the reference signal EMI emissions are spread 
over more than double the 120 kHz range of signifi- 
cance, in effect reducing the adverse EMI emissions. 
For larger harmonics the +/- 1% spread results in a fre- 
quency bandwidth even larger than the 286.4 kHz. 

According to another aspect of the invention the 
modulation waveform is shaped to uniformly distribute 
the frequency varialion of the reference signal. Thus, 
when a signal's energy is spread over more than double 
the 120 kHz range, the EMI emissions are reduced by 
a factor of more than two. In a preferred embodiment a 
triangular modulation waveform is used. 

According to another aspect of the invention, one 
or more clock signals derived from the modulated refer- 
ence signal also have a frequency which varies by the 
same percentage. The modulation of the reference sig- 
nal moves through the clock generation circuitry receiv- 
ing the reference signal. Specifically, phase-locked loop 
and other frequency synthesis devices are keyed to the 
modulating reference signal resulting in modulating 
clock signals. In specific embodiments, such modulated 
clock signals occur without altering or adding circuitry to 
the clock generation circuits. For a reference signal 



which modulates at +/- 1% : one or more derived clock 
signals also modulate at +/- 1%. For example, a 400 
MHz CPU clock signal derived from the reference signal 
now modulates over a frequency range between 396 

5 MHz and 404 MHz. This corresponds to an 8 MHz fre- 
quency band. Such band is substantially larger than the 
120 kHz band of significance lor EMI measurement. 
Specifically, spreading the EMI energy over 8 MHz cor- 
responds to an 18 dB reduction in measured EMI emis- 

io sions. EMI emissions are reduced for other signals de- 
rived from the modulated reference signal in the same 
manner. 

A challenge in reducing EMI emissions by modulat- 
ing a reference signal is to meet jitter and accuracy re- 
's quirements of derived clock signals. A CPU clock for ex- 
ample requires a cycle-to-cycle jitter of less than 200 
pico-seconds, according to one conventional standard. 
As another example, a display output frequency devia- 
tion of even 1% will cause characters to appear blurry 
or smeared. As still another example, a system timer 
which maintains the lime and date is required to be ac- 
curate within 1 part per million. Thus, digital clocks are 
required to be stable and easy to produce. Analog ap- 
proaches toward spreading the energy to reduce meas- 
ured EMI emissions are unable to meet such challeng- 
es. The method of this invention, however, is able to 
spread the emissions without adversely impacting the 
jitter and accuracy requirements of the system clock sig- 
nals. 

According to another aspect of the invention, ex- 
pected adverse impacts from modulating the VGA out- 
put clock are overcome by using a modulation frequency 
matching the horizontal retrace time of the display de- 
vice. Of importance to the display device is that the pixel 
placements line up vertically and horizontally. Varying 
the VGA output frequency might cause misalignment 
and thus blurry images. However, by matching the mod- 
ulation frequency to the horizontal retrace frequency, 
each line scanned onto the display device starts at the 
same relative time position within a modulation wave- 
form period. Thus, pixels are slightly closer together at 
one portion of the line and farther apart at another por- 
tion of the line, but the pixels are still aligned vertically 
and horizontally. 

According to another aspect of the invention, jitter 
requirements are met by uniformly varying the change 
in frequency in the modulation waveform. Alternatively, 
the frequency changes occur in steps too small to im- 
pact the phase of the derived clock signals. For exam- 
ple, in a clock generation circuit using a phase-locked 
loop ('PLL'), the PLL output needs to be stable and not 
jitter. The PLL receives the reference signal as one input 
and a feedback signal as another input. To provide sta- 
bility a fitter typically is included in the feedback path. A 
smaller filter bandwidth tends to increase stability, but 
slow down the PLL's ability to track changes in the ref- 
erence signal without creating jitter. A larger filter band- 
width tends to decrease stability, but increase the PLL's 
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ability to track changes in the reference signal without 
creating jitter. By having a step frequency (i.e., frequen- 
cy of step changes in reference signal) that is within the 
PLL fitter's bandwidth, jitter is avoided. Accordingly a 
PLL output is able to vary (i.e., modulate) smoothly, 
even when receiving the modulating reference signal. 
Thus, the resulting CPU clock signal is implemented to 
vary smoothly, or more specifically to induce a cycle to 
cycle jitter.for any two PLL cycles which is less than a 
specified constraint, such as 200 ps. 

One advantage of the invention is that electromag- 
netic energy emissions are spread over a larger band- 
width so as to reduce their interfering capability. Specif- 
ically the EMI is reduced within the bandwidth of con- 
ventional communication receivers, such as an FM re- 
ceiver. Also, measured EMI is significantly reduced. An- 
other advantage is that such reduction is achieved for 
an entire system or subsystem having clocks derived 
from a signal undergoing the modulation method of this 
invention. These and other aspects and advantages of 
the invention will be better understood by reference to 
the following detailed description taken in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of an apparatus for gener- 
ating multiple clock signals from a common refer- 
ence signal embodying the EMI reduction method 
of this invention; 

Fig. 2 is a block diagram of an apparatus for gener- 
ating a modulated clock reference frequency signal 
according to an embodiment of this invention; 
Fig. 3 is a block diagram of an apparatus for deriving 
a dithered reference frequency signal from a base 
signal; 

Fig. 4 is a chart of waveforms showing the deriva- 
tion of the reference frequency signal from the base 
signal for a 40 MHz base signal and 14.31818 de- 
sired reference signal; 

Fig. 5 is a chart of a modulating reference signal 
according to an embodiment of this invention; and 
Fig. 6 is a block diagram of a clock generation circuit 
receiving the modulating reference signal of Fig. 5. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

Overview 

Fig. 1 shows a block diagram of a clock signal gen- 
eration apparatus 10 for use in a computer system ac- 
cording to an embodiment of this invention. Digital com- 
puting systems typically include circuits operating at dif- 
fering clock frequencies. Rather than create each signal 
from its own unique source (e.g., individual crystal os- 
cillator), it is preferred that various clock signals be de- 
rived from as few reference sources as possible. For ex- 
ample, a single crystal oscillator may be included for a 



given computer or for each digital computing board in 
the computer (e.g., main processor board, graphics 
board, video board). The reference clock frequency of 
a given crystal oscillator is then used to derive all the 

5 various clock signa Is needed on the board or in the com- 
puter. Fig. 1 shows a crystal oscillator 12 generating a 
40 MHz signal into a reference signal generator 1 4. The 
reference signal generator 14 outputs a modulated ref- 
erence signal 16 for input to multiple clock signal gen- 

10 erator circuits 18. The respective clock signal generator 
circuits 18 derive clock signals at desired frequencies 
using conventional phase-locked loop and frequency 
synthesis techniques and/or other techniques, such as 
the dithering technique disclosed in the related applica- 

15 tion incorporated herein by reference, (see above sec- 
tion on cross reference to related applications). 

In one embodiment the desired reference clock fre- 
quency is 14.31818 MHz. According to one aspect of 
the invention, such reference frequency is digitally de- 

20 rived from a 40 MHz base signal. The 14.31818 MHz 
signal serves as the desired frequency about which an 
actual reference signal is ramped up and down. Such 
ramping occurs in periodic fashion at a prescribed mod- 
ulation frequency. A frequency modulator varies the de- 

25 sired reference signal by a desired degree. In one em- 
bodiment, the desired reference signal is modulated by 
+/= 1%, although other ranges are used in alternative 
embodiments. In the exemplary embodiment, the mod- 
ulated reference signal 16 is ramped up approximately 

so 1% faster than the 14.31818 MHz frequency and 
ramped down approximately 1% slower than the 
14.31818 MHz frequency. In various embodiment the 
percentage variation (e.g., +/- 1%) differs according to 
accuracy : jitter and rated frequency specifications of 

35 clock signals to be derived from the modulated refer- 
ence signal 16. Exemplary ranges are between +/- 0.1 
%and +/- 2.5% : although smaller and larger ranges also 
may be used according to implementation require- 
ments. 

40 The ramping up and down about the desired refer- 
ence frequency is performed in periodic fashion. In one 
embodiment, the modulation frequency is 31 .46 kHz. By 
modulating the reference frequency the electromagnet- 
ic interference (EMI) emissions are spread over a fre- 

45 quency range. More specifically, th e energy does not oc- 
cur only at the desired frequency (e.g., 14.31818 MHz). 
The energy occurs, for the +/-1% example, over a fre- 
quency range of 14.17500 MHz to 14.46136 MHz, This 
+/- 1 % band corresponds to a range of approximately 

50 286.4 kHz. EMI emissions typically are undesirable for 
a 1 20 kHz band because such band is used in conven- 
tional communication receivers. By spreading the band 
over a larger frequency range, the same amount of en- 
ergy is spread over a larger bandwidth. Thus, the energy 

55 within the 120 KHz bandwidth of interest is reduced, 
thereby reducing the interference with various radio or 
other signals of concern. 

By defining the ramping change of the reference 
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signal over a triangular waveform, the energy spreading 
is generally unitorm over the frequency band (e.g., the 
+/- 1% = 286,4 kHz band). Thus, undesired EMI emis- 
sions within the 120 kHz bandwidth are substantially re- 
duced. Note, that a CPU cjocK operating at 400 MHz 
which' is cje rived from the 14.318 signal has EMI energy 
6pread oyer an 8 MHz range, (i.e., 2% * 400 MHz = 8 
Mhz).* thys, instead of all the EMI emissions for the 400 
MjHz 6igrja| occurring at 400' MHz, the emissions are 
s^eao! oyer an 8 MHz ranged (e.g.; 396 MHz -404Mj-|zj. 
More significantly, the spreading occurs over a band 
broader than the 120 kfiz b^hd 61 import. Further, the 
EMI emissions of interest (e.g., those within the 1 20 ktfz 
band) qre* reduced |6 1 20 kHz / 8 MHz of vvpat the emis- 
sions wpu|d be under conventional methods', this cor- 
responds to an 18 dB reduction Iri measured EMI emis- 
sions. \. : : * *. '* : ; 

; Also consider the example where a 1 MHz signal is 
spreacj over a 0.99 MHz to 1.01 MHz bandwidth. The 
corresponding +/- 1% = lOO KHz |s less than the 120 
KHz bandwidth of Interest. However,' jargeV harmonics 
of sucrYsiqnajs, such as a 2 tyihz signal are spread over 
a larger bandwidth, (e.g., 1.98 MHz to 2^02 MHz). The 
corresponding +/- 1% = 200 |<Hz is larger than the 1 20 
KHz band pf interest. Thus, even though the EMI for pri- 
mary VMj-jz signal is not directly reduced, sucji spread; 
jng of tliej primary signal is beneficial to reduce Elvji 
emissions ; of the primary signal's larger harmonics" 

(ylodiilated Reference Frequency Generation 

Rig. 2 shows a block diagram of an apparatus 14 
for generating the modulated reference frequency ac- 
cording to an embodiment of this invention. A periodic 
base signal 1 3 from the crystal oscillator 12 is received 
into the apparatus 14 Apparjatus 14 derives a desired 
reference signal 20 from the base signal 13, then mod- 
ulates the desired reference sjgnal 20 to create the mod- 
ulated clock reference signal 16: , '' 

The' base signal 13 is received at a desired refer- 
ence frequency generator circuit 22. Circuit 22 gener- 
ates the desired reference signal 20. Signal 20 then is 
input to a modulation circuit 24 which increases and de- 
creases the desired reference frequency over a pre- 
scribed range. In an exemplary embodiment such range 
is +A 1 %. Such variation is performed in periodic fash- 
ion. The result is the modulated clock reference signal 
16 which is output to various clock signal generator cir- 
cuits. 

Desired Reference Frequency Generation: 

Fig. 3 shows one embodiment of the desired refer- 
ence frequency generator circuit 22. The desired clock 
reference frequency signal 20 is derived by taking the 
closest corresponding transition of the base signal 13 
as the desired clock reference signal 20 transition. In 
effect, the desired reference frequency signal is dith- 



ered. Over the tong term the dithered signaj averages 
out to the desired reference frequency signal 20. The 
base signal ;1 3 is input to a chain of dividers! (e.g. , part 
no. 74161 dividers j. Each stage defines a divide by op- 

5 eratloa Stage 1 is a divide by n operation. Stage 2 is a 
divide by pi operation. Stage 3 is a divide by p operation. 
The divicje-by term for each stage is defined by a partial 
fractional expansion of the base frequency 'divided by 
the desired reference frequency. The output signal from 

10 the firsj sjajge is the desireq: relerence frequency signa! 
20. The output signal from the first stage also is fed to 
an enable input of each successive stage. Each subse- 
quent stage.'beyond the first stage has an output signal 
fed b^cKJo the prior stage which adjusts the diyide by 

is count pjjji'e pribr stage for one cycle. According to the 
prefe'rrecl'ern'bodiment the output signaj of each such 
staqe increments the divide by term of the predecessor 
stage for one cycle. The output signal of each stage also 
is fed jo an enable input, of any subsequent stage As a 

20 result, the first stage division is altered eacK time the 
second! stqge counts out. The second stage" division is 
altered eacH time the third stage counts'out Thus, a pat- 
tern is defined for the desired reference frequency signal 

20. ; ' ' 1 ; 

2s Normally the apparatus 14 generates an active 
transition of the desired reference signal 20 every n 
base signal 1 3 periods. This js achieved by dividing the 
source clock signal 1 2 by n at stage 1 . Every m sets pf 
n source clock signal periods, however an active tran- 

30 sition of the desired reference signaj 1 6 is generated in- 
stead after nt1 base signal 1 3 periods. This is achieved 
by feeding the stage 2 output bacK to stage I to ajter the 
divide by count from n to n+1 for one cycle. Every p sets 
of m count outs, however, the divide by m count is 

35 changed to divide by m+1 for one cycle. This is achieved 
by feed jng pack the stage three output back to stage 2 
to alter the diyide by count from m to m+1, Thus, every 
time 6tage 3 counts out m+1 is used as the number of 
sets oj n base signal periods that occur before instead 

40 using n+1 base signal periods to generate an active 
transition of the desired reference signal 20. The pattern 
continues on for as many stages as desired. The 
number of stages is selected based upon the desired 
accuracy for the reference signal 20. 

45 The terms lor each divider stage 22j (for i = 1 , j) are 

defined using a partial fractional expansion. Specifically, 
the desired reference frequency is divided by the base 
signal 1 3 frequency yielding an integer part and a frac- 
tional part. If there is only an integer part then the de- 

50 sired reference frequency is evenly divisible into the 
base frequency so a simple one stage division of the 
base signal 1 3 suffices. Such a case is achieved via con- 
ventional methods and apparatus. However, for a de- 
sired reference frequency which is not evenly divisible 

55 into the base signal frequency, the result is a first integer 
part and a first remainder part. The integer part is taken 
as the divide by term, 'n'. for stage 1 (22^. The first re- 
mainder part then is inverted yielding a second integer 
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part and either zero remainder or a non-zero fractional 
remainder. The second integer is taken as the divide by 
term, 'm', for the second stage 22 2 . If the second remain- 
der is 0, then all that is used is a two stage (i.e., j=2) 
embodiment to achieve the desired reference frequen- 
cy. If there is a non-zero second fractional remainder, 
then such remainder is inverted yielding a third integer 
part and either a zero or non-zero third fractional remain- 
der. The third integer part is taken as the divide by term, 
'p' of the third stage 22 3 . If the third remainder is zero, 
then all that is used is a three stage (i.e., j=3) embodi- 
ment. Otherwise, the inversion and fractional expansion 
continues out to a desired number of stages or until a 
zero remainder is achieved. Note that even when there 
is a non-zero remainder, one may discontinue the ex- 
pansion and not define any more divide-by terms. The 
number of stages 22 is determine by the accuracy de- 
sired for the desired reference frequency signal. 

For a 40 MHz base signal and a 14.31818 MHz de- 
sired reference frequency, the chain includes j=3 stages 
of dividers. The divide by terms are n = 2, m=1 and p = 
3. Thus, for every count out of the first stage 22 1 the 
second stage 22 2 output goes active, signifying the first 
stage 22-, to instead do a divide by 3. Fig. 4 shows a 
divide by n=2 signal 26 and a divide by n+1 = 3 signal 
28. Factoring in the third stage 22 3 , there is a third divide 
by term, p = 3. Thus, every third count out of the second 
stage 22 2 , the divide by count changes from 1 to 2. The 
resulting desired reference frequency signal 20 also is 
shown in Fig. 4. Note the pattern in which the desired 
reference frequency signal 20 dithers between a divide 
by 3 and a divide by 2 of the base signal 1 3. 

Modulation of the Desired Reference Frequency: 

Referring again to Fig. 2, the desired reference fre- 
quency signal 20 is modulated at modulator 24 by ram- 
ping the frequency up and down about the desired ref- 
erence frequency. In one embodiment the modulator is 
embodied in a programmable logic array (PAL). The PAL 
is programmed to embody flip-flops and other conven- 
tional logic for modulating a signal by a desired percent- 
age over a desired modulation period. In a preferred em- 
bodiment, the modulator 24 produces a triangular mod- 
ulation waveform. An advantage of a triangular wave- 
form is that the waveform varies uniformly. In one em- 
bodiment, the modulator 24 ramps the reference fre- 
quency up by approximately 1% and down by approxi- 
mately 1%. As a result, the actual reference frequency 
signal 16 generated has a frequency varying by +/-1%. 
In one embodiment, the carrier signal has a frequency 
of 31 .46 kHz. Thus, the modulation period is 31 .786 mi- 
croseconds, (i.e., 1/31,460). The specific carrier fre- 
quency and the per cent variation of the desired refer- 
ence frequency varies in other embodiments. Fig. 5 
shows a chart of the modulating clock reference signal 
16. 

By modulating the reference frequency the electro- 



magnetic interference (EMI) emissions are spread over 
an expanded frequency range. Thus, the EMI energy 
does not occur only at the desired reference frequency 
(e.g., 14.31818 Mhz), but is spread between 14.17500 
s MHz and 14.46136 MHz, (e.g., 14.31818 MHz +1-1%). 
This corresponds to a range of approximately 286.4 
kHz, which is more than double the 120 kHz range. For 
a triangular wave carrier, the energy is generally uniform 
over the 286.4 kHz range. Thus : measured EMI emis- 
10 sions are substantially reduced. Further EMI emissions 
for larger harmonics and specific smaller harmonics of 
the reference frequency also are reduced. 

A challenge in reducing EMI emissions by modulat- 
ing a reference signal is to meet jitter and accuracy re- 
15 quirements of derived clock signals. A CPU clock for ex- 
ample requires a cycle-to-cycle jitter of less than 200 
pico-seconds, according to one conventional standard. 
As another example, a display output frequency devia- 
tion of even 1% will cause characters to appear blurry 
or smeared. As still another example, a system timer 
which maintains the time and date is required to be ac- 
curate within 1 part per million. Thus, digital clocks are 
required to be stable and easy to produce. Analog ap- 
proaches toward spreading the energy to reduce meas- 
ured EMI emissions are unable to meet such challeng- 
es. The method of this invention, however, is able to 
spread the emissions without adversely impacting the 
jitter and accuracy requirements of the system clock sig- 
nals. 

Although the modulation waveform frequency var- 
ies in differing embodiments, in one embodiment a 
31.46 kHz modulation frequency is selected to match 
the horizontal retrace period o1 a display device. Specif- 
ically, display device output clocks have a need to avoid 
jitter so as to enable clear images to be formed on the 
display screen. The expected adverse impacts expect- 
ed when modulating a VGA output clock, for example, 
are overcome by using a modulation frequency match- 
ing the horizontal retrace time of the display device. Of 
importance to the display device is that the display pixels 
line up vertically and horizontally, varying the VGA out- 
put frequency might cause misalignment and thus blurry 
images. However, by matching the modulation frequen- 
cy to the horizontal retrace frequency, each line scanned 
onto the display device starts at the same relative time 
position within a modulation waveform period. Thus, pix- 
els are slightly closer together at one portion of the line 
and slightly farther apart at another portion of the line, 
but the pixels are still aligned vertically and horizontally. 

Another concern in generating the modulation 
waveform is that frequencies vary uniformly or in small 
steps so as to avoid adverse jitter in : for example a CPU 
clock. A PENTIUM™ processor, for example requires 
jitter to be less than 200 ps. Thus a CPU clock generated 
from the modulated reference signal 16 must operate 
within such jitter requirement. One manner of complying 
is to smoothly vary the reference signal frequency so 
that the cycle to cycle jitter is less than 200 ps. Another 
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method for complying is to have the reference signal fre- 
quency change in steps too small to destabilize the PLL 
circuit Irom which the CPU clock is derived. 

Referring to Fig. 6, a CPU clock signal generating 
circuit 18 includes a phase-locked loop circuit ('PLL') 30 
and a filter 32. The PLL 30 receives the reference signal 
1 6 at one input and a feedback signal 34 at another in- 
put. To filter 32 serves to provide stability to the output 
clock signal 19. A filter 32 having a smaller bandwidth 
tends to increase stability, but slow down the PLL's abil- 
ity to track changes in the reference signal without cre- 
ating jitter. Increasing the filter 32 bandwidth tends to 
decrease stability, but increase the PLL's ability to track 
changes in the reference signal without creating jitter. 
By having a step frequency (i.e., frequency of step 
changes in reference signal) that is within the PLL filter's 
bandwidth, jitter is avoided. Accordingly PLL 30 output 
is able to vary (i.e., modulate) smoothly, even when re- 
ceiving the modulating reference signal. Thus, the re- 
sulting CPU clock signal 19 is implemented to vary 
smoothly, or more specifically to induce a cycle to cycle 
jitter for any two PLL cycles which is less than a specified 
constraint, such as 200 ps. 

Clock Signal Generation and EMI Reduction in Clock 
Signals 

Referring again to Fig. 1 each one of multiple clock 
generation circuits 18 receives the modulated reference 
signal 16. The clock generation circuits 18 generate var- 
ious system clock signals for a given digital computer 
system. In the embodiment illustrated, clock signals are 
generated for a PCI bus, floppy disk drive, CPU bus, 
VGA core electronics, VGA output frequency and sys- 
tem timer. In one embodiment such clock signals are 
generated conventionally using phase-locked loop and 
frequency synthesis techniques to achieve the desired 
clock signals. For example, the modulated reference 
signal is divided down to various intermediary signals. 
Multiple periods of respective intermediary signals then 
are combined to multiply up to a desired frequency 
greater than the reference frequency. 

In an alternative embodiment, a dithering technique 
is used to divide the modulated reference signal instead 
of using a phase-locked loop technique. Such dithering 
is described above with regard to the generation of the 
desired reference frequency signal 20. 

Meritorious and Advantageous Effects 

One advantage of the invention is that electromag- 
netic energy emissions are spread over a larger band- 
width so as to reduce their interfering capability. Specif- 
ically the adverse EMI emissions are significantly re- 
duced. Although a preferred embodiment of the inven- 
tion has been illustrated and described, various alterna- 
tives, modifications and equivalents may be used. 
Therefore, the foregoing description should not be taken 



as limiting the scope of the inventions which are defined 
by the appended claims. 

5 Claims 

1 . A method for reducing electromagnetic interference 
emissions in a digital system, comprising the steps 
of: 

10 

digitally deriving a first signal (20) from a base 
signal (13) by taking a closest corresponding 
transition of the base signal as an active tran- 
sition of the first signal, the first signal over time 
is defining an average desired frequency; 

modulating frequency of the first signal (20) to 
vary in a periodic manner between an upperf re- 
quency limit and a lower frequency limit to 
achieve a modulating reference signal (16); 
20 generating a clock signal (19) from the modu- 

lating reference signal; and 
wherein electromagnetic interference emis- 
sions of the modulating reference signal are 
spread over a first frequency band and wherein 
25 electromagnetic interference emissions of the 

generated clock signal are spread over a sec- 
ond frequency band. 

2. The method of claim 1 in which the step of modu- 
lo lating the first signal (20) defines a modulation pe- 
riod matching horizontal retrace period of a display 
device receiving said generated clock signal. 



3. The method of claims 1 or 2 in which the modulating 
35 reference signal (16) frequency varies by incremen- 
tal steps, said step variation occurring at a step fre- 
quency within a bandwidth of a filter (32) which de- 
fines stability of a CPU clock generation circuit (18) 
receiving the modulating reference signal. 

40 

4. The method of claim 1 , 2 or 3 in which the step of 
digitally deriving comprises the steps: 

defining a set of j divide-by terms using a partial 
45 fraction expansion of base signal frequency di- 

vided by the average desired frequency; and 
defining a pattern for dithering first signal period 
as a function of the j divide-by terms. 

50 5. The method of claim 4, in which the step of defining 
a pattern comprises dividing the base signal fre- 
quency in a serial chain of frequency division cir- 
cuitry stages (22), each one of the stages perform- 
ing a frequency division using a divide factor de- 

55 fined by a corresponding one of the j divide-by 
terms; and wherein any one stage in the serial chain 
other than a last stage has the divide factor altered 
in response to a count-out of an immediately suc- 
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cessive stage. 

6. An apparatus for reducing electromagnetic interfer- 
ence emissions in a digital system, comprising: 

5 

digital logic circuitry (22) receiving a base sig- 
nal (13) and in response deriving a first signal 
(20) having an average desired frequency, the 
first signal being derived by taking a closest 
corresponding transition of the base signal as io 
an active transition of the first signal; 
a modulator (24) which modulates frequency of 
a first signal (20) to vary in a periodic manner 
between an upper frequency limit and a lower 
frequency limit to achieve a modulating refer- '5 
ence signal (16); and 

a clock generation circuit (18) which generates 
a clock signal (19) from the modulating refer- 
ence signal (16); and 

wherein electromagnetic interference emis- 20 
sions of the modulating reference signal are 
spread over a first frequency band and wherein 
electromagnetic interference emissions of the 
generated clock signal are spread over a sec- 
ond frequency band. 25 

7. The apparatus of claim 6 in which a modulation pe- 
riod of the modulating reference signal matches 
horizontal retrace period of a display device receiv- 
ing said generated clock signal. so 

8. The apparatus of claims 6 or 7 in which the modu- 
lating reference signal frequency varies by incre- 
mental steps, said step variation occurring at a step 
frequency within a bandwidth of a filter which de- 35 
fines stability of a CPU clock generation circuit (18) 
which receiving the modulating reference signal. 



loop circuit (30) and a filter (32), the phase-locked 
loop circuit receiving the modulating reference sig- 
nal (16) at a first input and generating in response 
an output clock signal (19), the output clock signal 
fed back through the filter to a second input to the 
phase-locked loop circuit; and wherein the modu- 
lating reference signal (16) varies in incremental 
steps ; said step variation occurring at a step fre- 
quency within a bandwidth of the filter (32). 



9. The apparatus of claim 6, 7 or 8 in which the digital 
logic circuitry comprises: 40 

a plurality of dividers (22a-22j) serially cou- 
pled for dithering signal period of the first signal (20) 
between n and n+1 base signal (13) periods, each 
one of the plurality of dividers having a divide-by 
term, a least significant one of the plurality of divid- 4S 
ers in the series having a divide-by term equal to n, 
a next least significant one of the plurality of dividers 
in the series having a divide-by term equal to m; and 
wherein frequency of the base signal divided by a 
desired frequency of the first signal has a first inte- so 
ger part and a first remainder part; and wherein n is 
defined as the first integer part; and wherein an in- 
version of the first remainder part comprises a sec- 
ond integer part; and wherein m is equal to the sec- 
ond integer part. 55 

10. The apparatus of claims 6, 7, 8 or 9 in which the 
clock generation circuit comprises a phase-locked 
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